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Particle identification at high rates is a central aspect of many present and future experiments in high-energy 
particle physics. The COMPASS experiment at the SPS accelerator at CERN uses a large scale Ring Imaging 
CHerenkov detector (RICH) to identify pions, kaons and protons in a wide momentum range. For the data taking 
in 2006, the COMPASS RICH has been upgraded in the central photon detection area (25% of the surface) with 
a new technology to detect Cherenkov photons at very high count rates of several 10 6 s _1 per channel and a new 
O [■ dead-time free read-out system, which allows trigger rates up to 100 kHz. The Cherenkov photons are detected 
by an array of 576 visible and ultra-violet sensitive multi-anode photomultipliers with 16 channels each. Lens 
telescopes of fused silica lenses have been designed and built to focus the Cherenkov photons onto the individual 
photomultipliers. The read-out electronics of the PMTs is based on the MAD4 amplifier-discriminator chip and 
the dead-time free high resolution Fl-TDC. The 120 ps time resolution of the digital card guarantees negligible 
background from uncorrelated physical events. In the outer part of the detector, where the particle rates are lower, 
the present multi-wire proportional chambers (MWPC) with Cesium Iodide photo-cathodes have been upgraded 
with a new read-out electronic system based on the APV preamplifier and shaper ASIC with analog pipeline and 
sampling ADCs. The project was fully designed and implemented in the period November 2004 until May 2006. 
The upgraded detector showed an excellent performance during the 2006 data taking: the number of detected 
Cherenkov photons per ring was increased from 14 to above 60 at saturation. The time resolution was improved 
from about 3 microseconds to about one nanosecond which allows an excellent suppression of the background 
photons from uncorrelated events. 
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1. Introduction 

The COMPASS experiment [lj at the CERN 
SPS investigates key issues in hadron physics 
by scattering high-energy polarized muons and 
hadrons off polarized and unpolarized solid state 
targets. The produced particles are detected in a 
large size two-stage forward spectrometer which 
covers a wide kinematic range (10 -5 < XBj < 0.5, 
1CT 3 < Q 2 < 100 (GeV/c) 2 ). One of the key 
features of the COMPASS spectrometer is an ex- 
cellent particle identification which allows to se- 
parate scattered electrons, muons, pions, kaons 
and protons. It is performed by electromagnetic 
and hadron calorimeters, muon walls and a large 
scale Ring Imaging Cherenkov detector (RICH) 
[2]. The RICH detector uses C4F10 as radia- 
tor gas inside a 5 x 6 m 2 wide and 3 meter 
deep vessel. The produced Cherenkov photons 
are reflected by a 20 m 2 mirror wall onto a set 
of photon-detectors: up to 2004 multi-wire pro- 
portional chambers (MWPC) with Cesium Iodide 
photo-cathodes, covering a total active surface of 
about 5.5 m 2 and including in total about 80.000 
read-out channels. 

2. Motivation of the upgrade 

The read-out system of the COMPASS RICH 
photon detectors in use till 2004 consisted of Gas- 
siplex front-end chips [3j connected to the MW- 
PCs, which have an integration time of about 
3 microseconds. In the experimental environment 
of the COMPASS setup there is a large flux of 
Cherenkov photons especially in the centre of the 
detector, since the CERN muon beam is accom- 
panied by 10% to 20% of halo muons which pass 
through the detector and create Cherenkov rings. 
At high beam intensities of 0.4 to 1.0 x 10 s muons 
per second, these halo rings create a considerable 
background of overlapping rings in the centre of 
the detector, which reduces the particle identifica- 
tion efficiency and purity, especially for particles 
in the very forward direction. 

A fast detection system for Cherenkov pho- 
tons is needed to distinguish by time information 
the photons originating from scattered particles 
in the physics events from the background from 




Figure 1. Lower half of the COMPASS RICH 
photon detector before installation. The central 
part (marked by the white line) of the MWPCs 
has been replaced by lens telescopes, MAPMTs 
and fast read-out electronics consisting of MAD4 
discriminators and Fl TDC. 

uncorrelated halo muons. The upgrade of the 
COMPASS RICH detector consists of two parts. 
In the central part of the detector (25% of the 
sensitive area) where the photon flux is largest 
the MWPCs with Cesium Iodide photo-cathodes 
have been replaced by multi-anode photomulti- 
pliers [4] and a fast read-out system based on the 
MAD4 [5] discriminator front-end chip and the 
dead-time free Fl TDC [5] (see Fig. [Q. In the 
outer part, the existing MWPC chambers have 
been equipped with a faster read-out based on 
the APV preamplifier with sampling ADCs [7]. 
In addition, the upgraded detector allows a high 
rate operation at increased trigger rates from 20 
up to 100 kHz and small dead-time [8j. 

3. The upgrade of the central region 

The central region upgrade is performed by re- 
placing the central part of the MWPC photon 
detector set by an array of 576 UV-sensitive 16 
channel multi-anode PMTs H7600-03-M16 from 
Hamamatsu [4]. The sensitive wavelength range 
of these photomultipliers extends from 200 nm 
up to 700 nm compared to the effective sensi- 
tive range of the Cesium-Iodide photo-cathodes 
of 160 nm to 200 nm. Therefore the number of 



Figure 2. Optical arrangement of the MAPMT 
and the fused silica lens telescope. 

detected photons per ring is expected to be about 
4 times larger. In addition, the ring resolution is 
improved by the larger number of detected pho- 
tons from 0.6 to 0.3 mrad. This will increase the 
upper limit of the kinematic region of the la pion 
from kaon separation from 44 to above 50 GeV/c 
hadron momentum. 

The Cherenkov photons are focused onto the 
PMTs by 576 individual lens telescopes from UV- 
transparent fused silica lenses (see Fig. [5]). The 
telescopes have been customly designed from one 
spherical and one aspherical lens and offer a large 
angular acceptance for the photons of ±9.5° and a 
minimum image distortion. The image reduction 
is of a factor of about 7 in area; the PMT pixels 
are of 4.5 x 4.5 mm 2 , the effective pixel size of 
the new detector is 12 x 12 mm 2 . All PMTs have 
been shielded by soft iron boxes to protect them 
from the residual 200 Gauss field of the 1 Tesla 
open spectrometer magnet few meters away. 

The PMTs are read out by frontend electronics 
mounted directly on the detector, which consists 
of the MAD4 preamplifier and discriminator and 
the Fl TDC chip. The MAD4 chip [5] has a low 
noise level of 5 — 7 fC compared to the average 
PMT signal of about 500 fC. It is able to handle 
signals up to 1 MHz rate. In 2007, the MAD4 will 
be replaced by C-MAD chips, which have a rate 
capability up to 5 MHz. The digital part of the 
read-out consists of the dead-time free Fl TDC [6] 
mounted on the DREISAM^ frontend card. It has 

^Digital REad-out Integrating and SAMpling card. 
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Figure 3. Single physics event in the RICH de- 
tector, central region, after applying a time cut 
of 5 ns around the physics trigger. One can see 
Cherenkov rings of several hadrons. 

a time resolution of better than 120 ps and can 
handle input rates up to 10 MHz at trigger rates 
of up to 100 kHz. The data from one frontend 
card with 64 read-out channels are transferred via 
optical links to the COMPASS read-out system 
[HJ. All read-out electronics is mounted in a very 
compact setup directly on the detector. 

4. Detector performance after the upgrade 

In the COMPASS beam-time 2006, all data 
have been taken with the upgraded RICH detec- 
tor (see Figs. [3j|4] and HJ. The detector shows ex- 
cellent performance: the number of photons per 
ring has increased from 14 before the upgrade to 
above 60 at saturation ((3 « 1). The increased 
statistics in the number of photons has improved 
the ring resolution to 0.3 mrad from 0.6 mrad 
before. While the increased number of photons 
has improved the particle identification capabil- 
ity at lower momenta, the better ring resolution 
extends the particle identification towards higher 
momenta. The time resolution for single photons 
(see Fig. |4j is about 1 ns, which allows an al- 
most complete rejection of the background from 
uncorrelated halo muon Cherenkov signals. 
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Figure 4. Time distribution of the Cherenkov 
photons relative to the physics trigger. One can 
see an excellent time resolution of about 1 ns. 
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Figure 5. RICH-reconstructed kaon mass-peak 
before (2004 data) and after (preliminary 2006 
data) the RICH upgrade. 



5. Conclusions 

A fast photon detection system with multi- 
anode photomultiplicrs and fast read-out elec- 
tronics based on the MAD4 discriminator and 
the Fl TDC has been designed and constructed 
to upgrade the Ring Imaging Cerenkov (RICH) 
detector of the COMPASS experiment. The up- 
graded detector was ready for the beam-time in 
2006 and first data show an excellent performance 
of the new photon detection system. The time re- 
solution of about 1 ns allows an almost complete 
rejection of the background Cherenkov photons 
from uncorrelated muon halo events, which im- 
proves efficiency and purity (see Fig. [5|) of the 
particle identification especially in the very for- 
ward direction. The increased number of detected 
photons extends the particle identification per- 
formance of the COMPASS RICH both towards 
lower Cherenkov angles and at high particle mo- 
menta above 50 GeV/c. 
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